A novel chirality pairing recognition was found between D-and L-amino acid derivatives. Novel spiral alkaloids formed in the recognition reaction. Possible mechanism was proposed for the stereoselective and chemoselective reactions.
Introduction
Sexual selectivity and recognition are the important characteristics of life in evolutions in nature since "sex" means re-combination between two "sexual units", and "recognition" means one unit can select the most suitable one for its re-productions, which looks like a male needs a female in a family. Although "molecular sex" was first used in nucleic acids hybridize studies 1 , and "molecular recognition" has been widely used in chiral compound separations, which via space match each other, however, they are physical behaviors. 2 In this report, we show the first chemical behavior example of chirality pairing recognition reaction or molecular sex recognition reactions where D-(+)-amino acid derivative could selectively react with the corresponding L-(-)-amino acid analog to form single product combined by D-and L-amino derivative (D-L) instead of mixtures of D-D and L-L products. Novel spiral alkaloid with unique sketch formed in the one-pot reactions.
Results and Discussion
Our initial attempt at synthesizing chiral compound 3 by reacting an oxalaldehyde with a tryptophan methyl ester (1) in CH 2 Cl 2 did not yield the desired product 3 ( Fig. 1) . The major compound (60% yield) obtained had neither the quaternary C-4'a at 108.3 ppm nor C-9'a at 130.8 ppm, but had one new quaternary 13 C at 64.7 and one new tertiary 13 C at 88.3 ppm. This indicated that one C=C of the second indole moiety became a C-C bond. A new condensation reaction happened in the procedure after normal Pictet-Spengler reaction in the first condensations. 4 H-H COSY, HMBC and HSQC experimental results exhibited that its planar structure as 4. The key NOE between the H-3/H-9' and H-1/H-1' in ROESY experiments suggested that the major product have the 4a stereochemistry. Moreover, the experimental high resolution MS data (459.2022, [M + H] + ) agrees well with the calculated M + of 458.1954 (Fig. 1) . Similarly, the minor product had the structure of 4b from cis-2.
We also used amines (5, 6, 9 and 10) and esters (7 and 8) in the study. When 5 was used as the starting material, compound 11 were obtained with about 47% yield. Similarly, 12 from 6, 13 from 7, 14 from 8 and 15 from 9 were obtained, respectively. The results are summarized below. It was found that the presence of a strong electron-withdrawing group of -OH on the indole ring of 10 inhibited the reaction to 16, while the presence of CH 3 on 9 promoted the reaction to 15.
A mechanism for the transformation is proposed (Fig. 2 ) whereby after the second Schiff base (17) is formed, N-2' can chelate with an H + to form the first five-membered ring (C-1'-C-4'a formation, 18), then the positive charge can transfer to C-9'a. N-2 in 19 immediately connected to C-9'a after loss of a H + via a concerned procedure. 5 The key requirement in the cycloaddition reactions is that a proton must be present on the indole N atom. Thus, if this proton was replaced by a methyl group as in 20 and 21, the condensation cannot take place. This prediction is recorded when 20 or 21 was used in the condensations.
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The unexpected molecular chirality pairing recognition was observed when a (D)-amino acid derivative was mixed with an equal molar of the corresponding (L)-amino acid derivative. For example, D-(+)-1 reacted with L-(-)-1, only one major product formed. This product can be separated as two compounds using chiral column. Their 1 H and 13 C NMR were the same, and the determined optical rotation for 22 was +187.3, while the ent-22 had -189.2 in chloroform. It exhibited that the separated two products were the enantiomers. Its planar structure was well established as 22 using 13 C NMR and HMBC spectra (see Electronic Supplementary Material for more details). Its relative configuration was identified using ROESY experiments. The key interactions between the H-3 and H-9'a, and H-1'and H-3' showed it having the relative configuration of 22. Further absolute configuration determination was performed by comparing their optical rotation and circular dichroism to those obtained via quantum theory. Table 1 .
Furthermore, as shown in Fig. 3 below, the TLC spots and HPLC retention times of the different products are examined. The discoveries of different chirality selectivities may disclose some secrets during life evolution. For example, if Lamino acids formed with a little more excessive quantity than D-amino acids due to some reasons in oceanic era, the excessive quantity of L-amino acids may be involved in life formation, then the left equal mole of L-and D-amino acids may take similar chirality pairing recognition reactions, because it is easy to form CHO-CHO and other simple organic compounds in oceanic era, the tiny acid under neutral conditions can accelerate the reactions. It may be a starting point of a new chemistry: evolution chemistry. Thus, it is possible to construct chirality pairing recognition or molecular sex recognition reaction which can be included in the range of evolution chemistry.
Experimental Section
General Experimental Procedures. Tryptophan methyl ester solution (1.0 mmol in 20 mL CH 2 Cl 2 ) was cooled using ice-bath. The aldehyde (CHOCHO, 0.6 mmol) was then injected into the solution. Suitable molecular sieve was added to remove the water formed in Pictet-Spengler reaction. About 20 h later, 0.01 eq. of TFA was added into the solution for further cycloaddition. This procedure lasted over 40 h. Then the molecular sieve was filtered and the solution was removed under reduced pressure. The mixture was purified using chromatography column by silica gel. Ethyl acetate and petroleum ether mixture was used in the isolation. One major product 4a was obtained (60%), and the minor product (23%) was obtained. Total yield is 83%. Other products can be obtained under the similar procedure when starting materials changed to the corresponding compounds. 13 C NMR (125 MHz, CDCl 3 ) δ 24.4 (C-4), 43.3 (C-4'), 52.0 (OCH 3 -3'), 52.2 (OCH 3 -3), 56.5 (C-3), 57.1 (C-1), 61.0 (C-3'), 64.7 (C-4'a), 72.2 (C-1'), 88.3 (C-9'a), 108.3 (C-4a), 109.5 (C-8'), 111.2 (C-8), 118.0 (C-5), 119.1 (C-6'), 119.4 (C-6), 121.8 (C-7), 123.3 (C-7'), 126.8 (C-5a), 128.5 (C-5'), 130.1 (C-5'a), 130.8 (C-9a), 136.5 (C-8a), 150.4 (C-8'a), 174.6 (CO-3'), 174.7 (CO-3). 3 .92 (1H, dd, J = 11.2, 4.6 Hz, H-3), 4.07 (1H, dd, J = 7.7, 7.5 Hz, H-3'), 4.32 (1H, d, J = 4.5 Hz, H-1), 4.43 (1H, br. s, NH-9'), 5.24 (1H, d, J = 4.5, 3.0 Hz, H-1'), 5.24 (1H, d, J = 3.0 Hz, H-9'a), 6.62 (1H, d, J = 7.5 Hz, H-8'), 6.79 (1H, dd, J = 7.0, 6.8 Hz, H-6'), 7.06 (1H, m, H-6), 7.07 (1H, m, H-7), 7.08 (1H, m, H-7'), 7.09 (1H, m, H-5'), 7.23 (1H, d, J = 7.7 Hz, H-8), 7.47(1H, m, H-5), 8.85 (1H, br. s, NH-9). 13 C NMR (125 MHz, CDCl 3 ) δ 24.9 (C-4), 43.7 (C-4'), 52.2 (OCH 3 -3'), 52.4 (OCH 3 -3), 58.1(C-3), 59.3 (C-1), 63.1 (C-3'), 63.8 (C-4'a), 72.6 (C-1'), 85.3 (C-9'a), 108.9 (C-4a), 109 (C-8'), 111.4 (C-8), 117.9 (C-5), 119.2 (C-6'), 119.4 (C-6), 121.7 (C-7), 122.7 (C-7'), 126.7 (C-5a), 128.5 (C-5'), 130.8 (C-9a), 131.5 (C-5'a), 136.6 (C-8a), 150.4 (C-8'a), 172.5 (CO-3'), 172.8 (CO-3). 3, 43.5, 49.0, 58.0, 64.0, 72.9, 87.6, 109.4, 110.2, 111.4, 117.9, 119.2, 119.3, 121.5, 122.9, 127.1, 128.2, 131.7, 132.0, 136.5, 150 .5. 2 Hz, m, 4'β), 2.90 (1H, ddd, J = 14.9, 4.0, 1.3 Hz, m, m, 3 Hz, m, 7, 5', 7'), 7.20 (1H, m, , 7.44 (1H, m, H-5), 9.10 (1H, br. s, NH-9).
4a. ESIMS, m/z

ESIMS, m/z
13 C NMR (100 MHz, CDCl 3 ) δ 18.9, 20.5, 31. 2, 49.8, 51.2, 57.6, 58.4, 64.1, 75.2, 86.7, 109.1, 110.2, 111.4, 117.7, 119.1, 119.2, 121.4, 122.7, 126.7, 128.1, 131.2, 132.6, 136.5, 150.4. 8, 20.9, 22.3, 42.4, 51.3, 55.5, 58.2, 64.2, 64.5, 66.7, 71.6, 86.3, 108.8, 109.6, 111.1, 118.0, 119.1, 119.4, 121.9, 122.9, 127.5, 128.3, 130.5, 131.6, 136.7, 150.3, 170.9, 171.3. 4 Hz, m, 7, 5', 7'), 7.13 (1H, d, J = 7.4 Hz, 7.37 (2H, t, J = 7.7 Hz, HBz), m, 7.90 (2H, d, J = 7.3 Hz, 8.08 (2H, d, J = 7.3 Hz, 8.72 (1H, s, ).
ESIMS,
13
C NMR (100 MHz, CDCl 3 ) δ 25. 9, 45.2, 53.5, 58.2, 61.2, 64.2, 64.9, 67.9, 74.5, 87.1, 108.9, 109.0, 111.2, 117.8, 119.1, 119.3, 121.6, 122.7, 126.8, 128.2, 128.3, 128.8, 129.4, 129.5, 129.6, 129.8, 131.2, 132.5, 133.1, 133.5, 136.6, 150.3, 166.1, 166.2. 2.74 (2H, m, m, 3'), 4.04 (1H, br. s, , 4.18 (1H, s, H-1'), 4.22 (1H, s, H-1), 5.05 (1H, s, H-9'a), 6.51 (1H, d, J = 8.7 Hz, m, 9.86 (1H, s, . 13 C NMR (100 MHz, CDCl 3 ) δ 20. 9, 21.6, 21.8, 37.5, 43.3, 47.1, 56.5, 63.2, 70.5, 88.2, 109.8, 111.3, 111.6, 117.9, 123.8, 124.1, 127.1, 127.4, 128.6, 128.8, 129.5, 130.1, 135.3, 148.7. 22. Racemic mixture was resolved by HPLC on a Chiralcell-OD-H column (250 × 10 mm, 13.5, 7.7 Hz, 2.68 (1H, dd, J = 13.5, 7.7 Hz, 3.07 (1H, d, J = 15.7 Hz, 3.32 (1H, dd, J = 15.6, 7.1 Hz, 3.64 (3H, s, , 3.66 (3H, s, COOCH 3 -3'), 3.84 (1H, d , J = 4.5 Hz, H-1'), 4.00 (1H, t, J = 7.8 Hz, H-3'), 4.28 (1H, d, J = 6.7 Hz, H-3), 4.50 (1H, br. s, NH-9'), 4.70 (1H, d, J = 3.7 Hz, H-1), 5.06 (1H, s, H-9'a), 6.60 (1H, d, J = 7.8 Hz, H-8'), 6.80 (1H, t, J = 7. 4 Hz, m, 7, 5', 7'), 7.21 (1H, d, J = 7.9 Hz, 7.48 (1H, d, J = 7.0 Hz, 8.48 (1H, s, . 13 C NMR (125 MHz, CDCl 3 ) δ 24. 5, 44.3, 51.9, 52.2, 55.2, 56.2, 62.4, 64.4, 74.1, 88.2, 108.3, 109.5, 111.2, 117.9, 119.1, 119.3, 121.7, 122.8, 126.9, 128.5, 130.4, 131.0, 136.6, 150.7, 173.0, 174.8 4, 52.0, 53.8, 60.8, 63.7, 64.4, 66.0, 74.4, 88.0, 108.2, 109.4, 111.3, 117.9, 119.1, 119.2, 121.7, 122.7, 127.4, 128.2, 130.6, 132.9, 136.6, 150.1, 170.9, 171.3 . The ent-23 had the -148.5 of optical rotation values in chloroform. Hz, H-6'), 7.07-7.15 (4H, m, H-6, 7, 5', 7'), 7.28 (1H, m, H-8), 7.39 (2H, t, J = 7.7 Hz, H-Bz), 7.44 (2H, t, J = 7.7 Hz, H-Bz), 7.51-7.59 (3H, m, H-5, H-Bz), 7.93 (2H, d, J = 7.5 Hz, H-Bz), 7.98 (2H, d, J = 7.5 Hz, H-Bz), 8.86 (1H, s, NH-9). 13 C NMR (125 MHz, CDCl 3 ) δ 23. 7, 44.5, 52.2, 53.9, 60.9, 64.0, 65.0, 65.6, 74.5, 88.4, 108.4, 109.5, 111.3, 117.9, 119.1, 119.2, 121.8, 122.7, 127.4, 128.2, 128.3, 128.4, 129.5, 129.6, 129.8, 130.1, 130.6, 130.9, 132.8, 133.1, 136.7, 150.2, 166.2, 166.8 
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